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a Dynamic Liquid Meniscus 

By Inventors: 

Andrew D. Bailey HI, Michael Ravkin, Mikhail Korolik and Puneet Yadav 

Cross Reference to Related Applications 

[1] This application is a continuation-in-part of and claims priority from U.S. 
Patent Application No. 10/390,117 filed on March 14, 2003 and entitled "System, 
Method and Apparatus For Improved Global Dual-Damascene Planarization," which is 
incorporated herein by reference in its entirety. This application is also a continuation- 
in-part of and claims priority from U.S. Patent Application No. 10/390,520 filed on 
March 14, 2003 and entitled "System, Method and Apparatus For Improved Local 
Dual-Damascene Planarization," which is incorporated herein by reference in its 
entirety. 

Background of the Invention 

1. Field of the Invention 

[2] The present invention relates generally to dual damascene semiconductor 
manufacturing processes, and more particularly, to methods and systems for 
planarizing features and layers and controlling uniformity in a semiconductor 
manufacturing process. 

2. Description of the Related Art 
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[3] Dual damascene manufacturing processes are becoming more common in 
semiconductor manufacturing. In a typical dual damascene manufacturing process, 
one or more conductive materials are deposited in previously patterned trenches and 
vias formed in a semiconductor substrate or films formed on the semiconductor 
substrate to form the desired electrical circuit interconnects. An excess or overburden 
portion of the conductive material is often formed. The overburden portion of the 
conductive material is unnecessary and undesirable and must be removed both to 
produce a damascene feature and to provide a uniform and planar surface for 
subsequent processing. 

[4] The overburden portion of the conductive material is typically removed from 
the semiconductor substrate through chemical mechanical polishing (CMP) and 
electro-chemical polishing (ECP) (e.g., etching) processes and combinations of CMP 
and ECP processes. Each of these processes has significant shortfalls. By way of 
example, ECP typically has a relatively low throughput, poor uniformity and inability 
to effectively remove non-conductive material. 

[5] CMP requires physical contact processes which typically leave conductive 
residues, or cause corrosion of the various materials, or result in non-uniform removal, 
and the inability to suitably planarize interconnect and interlevel dielectric (ILD) top 
surface. CMP can also cause stress related damage (e.g., interlayer delamination, 
peeling) to remaining interconnect and ILD structures. The CMP-caused stress 
damage is further exacerbated by the very poor inter-layer adhesion characteristics of 
the more-recently used materials. Reducing the physical force of the CMP process to 
reduce the physical stress can often result in unacceptably low throughput rates and 
other poor process performance parameters. 

[6] In view of the foregoing, there is a need for an improved planarizing system 
and method to uniformly and substantially remove overburden material while 
minimizing physical stress to the remaining features. The improved planarizing 
system and method should be suitable for use in semiconductor manufacturing and 
should be applicable to processes such as a dual damascene process or other 
semiconductor manufacturing processes. 
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Summary of the Invention 



[7] Broadly speaking, the present invention fills these needs by providing a system 
and method for planarizing and etching a semiconductor substrate. It should be 
appreciated that the present invention can be implemented in numerous ways, 
including as a process, an apparatus, a system, computer readable media, or a device. 
Several inventive embodiments of the present invention are described below. 

[8] One embodiment includes a method for planarizing a patterned semiconductor 
substrate includes receiving a patterned semiconductor substrate. The patterned 
semiconductor substrate having a conductive interconnect material filling multiple 
features in the pattern. The conductive interconnect material having an overburden 
portion. A bulk of the overburden portion is removed and a remaining portion of the 
overburden portion has a non-uniformity. The non-uniformity is mapped and a 
dynamic liquid meniscus etch process recipe is developed to correct the non- 
uniformity. A dynamic liquid meniscus etch process, using the dynamic liquid 
meniscus etch process recipe, is applied to correct the non-uniformity to substantially 
planarize the remaining portion of the overburden portion. The conductive interconnect 
material can include copper and/or elemental copper. The pattern can be formed on 
the patterned semiconductor substrate in a dual damascene process. Mapping the non- 
uniformity can include determining a non-uniformity profile for the substrate. The 
non-uniformity profile for the substrate can include determining a non-uniformity 
profile model of the preceding process (e.g., the bulk removal process). Developing a 
dynamic liquid meniscus etch process recipe to correct the non-uniformity can include 
determining a removal rate profile model for a subsequent process, comparing the non- 
uniformity profile for the substrate to the removal rate profile model for the subsequent 
process, and optimizing one or more parameters of the subsequent process. The 
subsequent process can include at least one of a group of processes consisting of the 
dynamic liquid meniscus etch process, a dry etch process, and a wet etch process. The 
bulk removal process used to remove the bulk of the overburden portion can also be 
optimized to substantially eliminate a continued production of a non-uniformity 
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described by the non-uniformity profile model during the bulk removal process for a 
subsequently received patterned semiconductor substrate. This embodiment can 
thereby provide data feed-back to the preceding operations to dynamically tune and 
optimize the respective operations of the preceding processes. This embodiment can 
also provide data feed-forward to dynamically tune and optimize subsequent 
operations of subsequent processes. 

[9] Removing the bulk of the overburden portion can include removing the bulk of 
the overburden portion in a CMP operation. The CMP operation can be a low down- 
force CMP operation. Removing the bulk of the overburden portion can also include 
various methods to minimize the amount of lateral stress imparted to the substrate. 

[10] An additional layer can also be formed on the overburden portion. The 
additional layer can be substantially planar. Removing the bulk of the overburden 
portion can also include substantially entirely removing the additional layer. The 
additional layer and the overburden portion can have a substantially 1:1 etch 
selectivity. 

[11] Applying the dynamic liquid meniscus etch process using the dynamic liquid 
meniscus etch process recipe can include monitoring the dynamic liquid meniscus etch 
process and providing feedback to a dynamic liquid meniscus etch process controller. 
The dynamic liquid meniscus etch process controller can automatically modify at least 
one aspect of the dynamic liquid meniscus etch process recipe according to the 
feedback. The dynamic liquid meniscus etch process controller can move the dynamic 
liquid meniscus relative to a surface of the substrate. 

[12] Monitoring the dynamic liquid meniscus etch process can also include scanning 
a surface of the substrate with a metrology sensor. The metrology sensor can be 
included within the dynamic liquid meniscus. The metrology sensor can also map the 
non-uniformity. 

[13] Another embodiment provides a method for forming a semiconductor device. 
The method includes receiving a patterned semiconductor substrate. The 
semiconductor substrate having a conductive interconnect material filling multiple 
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features in the pattern. The conductive interconnect material having an overburden 
portion. A bulk of the overburden portion is removed leaving a remaining portion of 
the overburden portion that has a non-uniformity. The non-uniformity is mapped. A 
dynamic liquid meniscus etch process recipe is developed to correct the non- 
uniformity. A dynamic liquid meniscus etch process using the dynamic liquid 
meniscus etch process recipe is applied to correct the non-uniformity to substantially 
planarize the remaining portion of the overburden portion. 

[14] Yet another embodiment provides a method of forming a dual damascene 
interconnect structure. The method includes receiving a dual damascene patterned 
semiconductor substrate. The semiconductor substrate, having a conductive 
interconnect material filling one or more features in the dual damascene pattern. The 
conductive interconnect material having an overburden portion having a non- 
uniformity. An additional layer is formed on the overburden portion, the additional 
layer being formed substantially planar. The additional layer and at least part of the 
overburden portion are etched to remove a bulk of the overburden portion, the 
additional layer being substantially entirely removed. A remaining portion of the 
overburden portion has a non-uniformity. The non-uniformity is mapped. A dynamic 
liquid meniscus etch process recipe is developed to correct the non-uniformity. A 
dynamic liquid meniscus etch process using the dynamic liquid meniscus etch process 
recipe is applied to correct the non-uniformity to substantially planarize the remaining 
portion of the overburden portion. 

[15] Applying the dynamic liquid meniscus etch process using the dynamic liquid 
meniscus etch process recipe can include monitoring the dynamic liquid meniscus etch 
process and providing feedback to a dynamic liquid meniscus etch process controller. 
Monitoring the dynamic liquid meniscus etch process can include scanning a surface of 
the substrate with a metrology sensor. The metrology sensor can be included within 
the dynamic liquid meniscus. 

[16] The present invention provides the advantage of minimizing mechanical stress 
while substantially eliminating localized non-uniformities. The present invention also 
enables a wider CMP latitude since the CMP planarity requirements are significantly 
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relaxed as a following proximity etch process can accurately compensate for any CMP 
non-planarities (e.g., edge effect, local or global non-planarities, etc). 

[17] Other aspects and advantages of the invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 

[18] The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, and like reference 
numerals designate like structural elements. 

[19] Figure 1 shows a patterned semiconductor substrate in accordance with one 
embodiment of the present invention. 

[20] Figure 2 shows an additional layer added in accordance with one embodiment 
of the present invention. 

[21] Figure 3 shows a substantially planar overburden portion in accordance with 
one embodiment of the present invention. 

[22] Figure 4A shows the substrate having undergone a second etching process in 
accordance with one embodiment of the present invention. 

[23] Figure 4B shows the substrate having undergone a barrier removal process in 
accordance with one embodiment of the present invention. 

[24] Figure 5 is a flowchart of the method operations of performing a local 
planarization, in accordance with one embodiment of the present invention. 

[25] Figures 6A-6D show a sequence of chemical conversion and etch-back 
processes applied to a substrate to increase local uniformity, in accordance with one 
embodiment of the present invention. 

[26] Figure 7 is a flowchart of the method operations of the chemical conversion 
and etch-back processes applied to a substrate to increase local uniformity, in 
accordance with one embodiment of the present invention. 

[27] Figure 8 is a flowchart of the method operation of correcting global non- 
uniformities in accordance with one embodiment of the present invention. 

[28] Figure 9 shows a substantially removed, planarized overburden portion in 
accordance with one embodiment of the present invention. 
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[29] Figure 10A illustrates a proximity head performing an exemplary wafer 
processing operation in accordance with one embodiment of the present invention. 

[30] Figure 10B shows a top view of a portion of a proximity head in accordance 
with one embodiment of the present invention. 

[31] Figure 1 1 A illustrates an exemplary proximity head, in accordance with one 
embodiment of the present invention. 

[32] Figure 1 IB illustrates a sectional view of the proximity head and the meniscus 
formed by the proximity head, in accordance with one embodiment of the present 
invention. 

[33] Figure 12 shows a wafer processing system in accordance with one 
embodiment of the present invention. 

[34] Figure 13 is a flowchart of an alternative method operations for providing a 
substantial planar and uniform overburden portion, in accordance with one 
embodiment of the present invention. 

[35] Figure 14 shows a block diagram of a wafer processing system in accordance 
with one embodiment of the present invention. Figure 15 is a flowchart of the method 
operations 1500 of a feed-forward optimization process, in accordance with one 
embodiment of the present invention. 
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Detailed Description of the Exemplary Embodiments 

[36] Several exemplary embodiments for an improved uniformity control and 
planarizing system and method will now be described. It will be apparent to those 
skilled in the art that the present invention may be practiced without some or all of the 
specific details set forth herein. 

[37] One embodiment of an improved uniformity control and planarizing system 
and method provides improved local planarization and uniformity across a local 
portion of a semiconductor substrate. The improved local planarization and uniformity 
substantially eliminates local nonuniformities caused by features in underlying layers 
and variations in deposition and etch processes. Another embodiment provides 
improved global planarization and uniformity across the entire substrate (e.g., edge 
uniformity as compared to center uniformity). 

[38] One embodiment includes a method for planarizing a patterned semiconductor 
substrate includes receiving a patterned semiconductor substrate. The patterned 
semiconductor substrate having a conductive interconnect material filling multiple of 
features in the pattern. The conductive interconnect material having an overburden 
portion. The overburden portion includes a localized non-uniformity. An additional 
layer is formed on the overburden portion. The additional layer and the overburden 
portion are planarized. The planarizing process substantially entirely removes the 
additional layer. The conductive interconnect material can include copper, copper 
containing conductive materials and elemental copper and other conductive material. 
The pattern can be formed on the patterned semiconductor substrate in a dual 
damascene process. 

[39] Planarizing the additional layer and the overburden portion can include 
substantially eliminating a local, pattern dependant non-uniformity. Planarizing the 
additional layer and the overburden portion can also include substantially eliminating a 
local, pattern dependant non-uniformity without imparting mechanical stress to the 
plurality of features. 
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[40] The additional layer and the overburden portion can have a substantially 1:1 
etch selectivity. The additional layer is formed substantially planar and uniform. The 
additional layer is a substantially planar fill material. Planarizing the additional layer 
and the overburden portion can also include etching the additional layer and at least 
part of the overburden portion. A second etch process to expose a barrier layer formed 
on the patterned features can also be included. 

[41] Forming the additional layer on the overburden portion can include chemically 
converting a top surface and a top portion of the overburden portion. Chemically 
converting a top surface and a top portion of the overburden portion can include 
exposing the top surface of the overburden portion to a reactant gas such as a halogen. 
The additional layer is a halide reactant product of the overburden portion. 

[42] Planarizing the additional layer and the overburden portion can include etching 
the additional layer and at least part of the overburden portion. Planarizing the 
additional layer and the overburden portion can also include a reiterative process that 
includes etching the additional layer, forming a second additional layer, and etching the 
second additional layer. The reiterative process can be an in situ reiterative process. 

[43] In another embodiment, a semiconductor device is formed by a method 
including receiving a patterned semiconductor substrate. The patterned semiconductor 
substrate having a conductive interconnect material filling multiple features in the 
pattern. The conductive interconnect material having an overburden portion that 
includes a localized non-uniformity. An additional layer is formed on the overburden 
portion and the additional layer and the overburden portion are planarized. The 
additional layer being substantially entirely removed in the planarizing process. 

[44] Yet another embodiment includes a method of forming a dual damascene 
interconnect structure that includes receiving a dual damascene patterned 
semiconductor substrate. The dual damascene patterned semiconductor substrate 
having a conductive interconnect material filling multiple features in the dual 
damascene pattern. The conductive interconnect material having an overburden 
portion that includes a localized non-uniformity. An additional layer is formed on the 
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overburden portion. The additional layer being formed substantially planar. The 
additional layer and at least part of the overburden portion are etched to substantially 
planarize the overburden portion, the additional layer being substantially entirely 
removed. 

[45] Still another embodiment includes a method of forming a dual damascene 
interconnect structure that includes receiving a dual damascene patterned 
semiconductor substrate. The dual damascene patterned semiconductor substrate 
having a conductive interconnect material filling multiple features in the dual 
damascene pattern. The conductive interconnect material having an overburden 
portion that includes a localized non-uniformity. A top surface and a top portion of the 
overburden portion are chemically converted to form an additional layer on the 
overburden portion. The additional layer and the overburden portion are planarized, 
the additional layer being substantially entirely removed in the planarizing process. 
The planarizing process including a reiterative process that includes etching the 
additional layer, forming a second additional layer, and etching the second additional 
layer. The reiterative process can be continued until the remaining overburden portion 
is substantially planarized. 

[46] One embodiment provides a method for planarizing and uniformity control of a 
patterned semiconductor substrate. The method includes receiving a patterned 
semiconductor substrate. The patterned semiconductor substrate having a conductive 
interconnect material filling multiple of features in the pattern. The conductive 
interconnect material having an overburden portion. The overburden portion having a 
localized non-uniformity. A bulk portion of the overburden portion is removed to 
planarize the overburden portion. The substantially locally planarized overburden 
portion is mapped to determine a global non-uniformity. The substantially locally 
planarized overburden portion is etched to substantially remove the global non- 
uniformity. The pattern can be formed on the patterned semiconductor substrate in a 
dual damascene process. 

[47] Removing the bulk portion of the overburden portion can include forming an 
additional layer on the overburden portion and planarizing the additional layer and the 
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overburden portion. The additional layer being substantially entirely removed in the 
planarizing process. 

[48] Alternatively, removing the bulk portion of the overburden portion can include 
forming an additional layer on the overburden portion by chemically converting a top 
surface and a top portion of the overburden portion and etching the additional layer and 
at least part of the overburden portion to substantially planarize the overburden 
portion, the additional layer being substantially entirely removed. Planarizing the 
additional layer and the overburden portion can include a reiterative process that 
includes etching the additional layer, forming a second additional layer, and etching the 
second additional layer. 

[49] Mapping the substantially locally planarized overburden portion to determine a 
global non-uniformity can include mapping the substantially locally planarized 
overburden portion with an eddy current sensor. Mapping the substantially locally 
planarized overburden portion to determine a global non-uniformity can include 
mapping the substantially locally planarized overburden portion in-situ. 

[50] Etching the substantially locally planarized overburden portion to substantially 
remove the global non-uniformity can include adjusting an etch recipe to compensate 
for the global non-uniformity. Alternatively, etching the substantially locally 
planarized overburden portion to substantially remove the global non-uniformity can 
include substantially eliminating the global non-uniformity without imparting 
mechanical stress to the multiple features. 

[51] In another alternative, etching the substantially locally planarized overburden 
portion to substantially remove the global non-uniformity can also include etching to 
expose a barrier layer formed on the patterned features. The etch can be selective to 
the barrier. Etching the substantially locally planarized overburden portion to 
substantially remove the global non-uniformity can include substantially minimizing 
any recesses of the conductive interconnect material in the multiple features. 

[52] A final etch process can also be included. The final etch process can 
substantially remove the barrier layer formed on the patterned features. The final etch 
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process can also include removal of a mask material. The conductive interconnect 
material can include copper and/or elemental copper. 

[53] Another embodiment includes a semiconductor device formed by a method 
including receiving a patterned semiconductor substrate. The patterned semiconductor 
substrate having a conductive interconnect material filling multiple features in the 
pattern. The conductive interconnect material having an overburden portion that 
includes a localized non-uniformity. A bulk portion of the overburden portion is 
removed to planarize the overburden portion. The substantially locally planarized 
overburden portion is mapped to determine a global non-uniformity. The substantially 
locally planarized overburden portion is etched to substantially remove the global non- 
uniformity. 

[54] Another embodiment includes a method of forming a dual damascene 
interconnect structure. The method including receiving a dual damascene patterned 
semiconductor substrate. The dual damascene patterned semiconductor substrate 
having a conductive interconnect material filling multiple features in the dual 
damascene pattern. The conductive interconnect material having an overburden 
portion that includes a localized non-uniformity. A bulk portion of the overburden 
portion is removed to planarize the overburden portion. Removing the bulk portion of 
the overburden portion includes forming an additional layer on the overburden portion 
and planarizing the additional layer and the overburden portion. The additional layer 
being substantially entirely removed in the planarizing process. The substantially 
locally planarized overburden portion is mapped to determine a global non-uniformity. 
The substantially locally planarized overburden portion is etched to substantially 
remove the global non-uniformity. 

[55] Another embodiment includes a method of forming a dual damascene 
interconnect structure. The method includes receiving a dual damascene patterned 
semiconductor substrate. The dual damascene patterned semiconductor substrate 
having a conductive interconnect material filling multiple features in the dual 
damascene pattern. The conductive interconnect material includes an overburden 
portion that includes a localized non-uniformity. A bulk portion of the overburden 
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portion is removed to planarize the overburden portion. Removing the bulk portion of 
the overburden portion includes forming an additional layer on the overburden portion 
by chemically converting a top surface and a top portion of the overburden portion. 
The additional layer and at least part of the overburden portion are etched to 
substantially planarize the overburden portion. The additional layer being substantially 
entirely removed. The substantially locally planarized overburden portion is mapped 
to determine a global non-uniformity. The substantially locally planarized overburden 
portion is etched to substantially remove the global non-uniformity. 

[56] Figure 1 shows a patterned semiconductor substrate 100 in a dual damascene 
process in accordance with one embodiment of the present invention. The substrate 
100 has been patterned as part of the semiconductor manufacturing process such as a 
dual damascene manufacturing process. A mask can be used to pattern the substrate 
100. The substrate 100 includes a large, somewhat isolated feature 102 (e.g., trench, 
via, etc.) a smaller, somewhat isolated feature 104 and several features 106 that are 
densely packed together. A barrier layer 1 10 is also included. The barrier layer 1 10 is 
typically a different material than the substrate 100 or a conductive interconnect 
material 120. The conductive interconnect material 120 can be copper or copper alloy 
or other conductive material. 

[57] An overburden portion 1 12 of the conductive interconnect material 120 extends 
above the features 102, 104, 106 and includes corresponding localized variations 114, 
116, 1 18 in thickness of the overburden portion 1 12. As shown, the larger feature 102 
has a corresponding larger decrease in the thickness of the overburden portion 1 12 as 
compared to the smaller feature 104, which has a slightly smaller variation in thickness 
of the overburden portion 112. The densely packed features 106 have a somewhat 
increased thickness of the overburden portion 112. 

[58] Typical etch processes etch the overburden portion 1 12 of the conductive 
interconnect material 120 at a fairly uniform rate over the entire wafer area and 
therefore the typical etching process will expose a first portion of the barrier layer 110 
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near the large feature 102 before a second portion of the barrier layer 1 10 near the 
densely packed features 106 will be exposed. In sum, the typical etching process 
cannot planarize and compensate for non-uniformity for the overburden portion 112 of 
the conductive interconnect material. 

[59] Figure 2shows an additional layer 202 added in accordance with one 
embodiment of the present invention. The additional layer 202 is formed on top of the 
overburden portion 112. The additional layer 202 can be a substantially planar fill 
material (e.g., spin on glass (SOG), polysilicon, polymer resist, bilayer, UV or 
thermally curable material, or other material that can flow to form a planar surface and 
which has the appropriate etching characteristics). An optional, relatively thin (e.g., 
about 25-100 nm in thickness) conformal layer 204 may also be included between the 
additional layer 202 and the overburden portion 112. The conformal layer 204 can be 
a barrier layer or an adhesion layer. The conformal layer 204 can allow a wider variety 
of materials that can be used for the additional layer 202. 

[60] The additional layer 202 and the overburden portion 112 have a substantially 
1:1 etch selectivity so that a subsequent etching process (e.g., plasma or gaseous etch 
process) can etch both the additional layer 202 and the overburden portion 1 12 at 
substantially the same rate. 

[61] Figure 3 shows a substantially planar overburden portion 112' in accordance 
with one embodiment of the present invention. Because the additional layer 202 forms 
a substantially planar surface over the stack of layers 100, 1 10, 1 12, 202, a first etching 
process can uniformly etch the additional layer 202 and the overburden 112 over the 
entire area until the remaining overburden portion 112' is substantially locally planar in 
that the local variations 114, 116, 118 are substantially eliminated. 

[62] A typical recipe would involve conditions that provide a 1:1 etch selectivity 
between the additional layer 202 and the overburden portion 112. By way of example, 
if the additional layer 202 is SOG, and the overburden portion 1 12 is copper, then a 
halogen (e.g., CI, F, Br, I) based chemistry provides etch rate control for both the SOG 
as well as copper to allow for tuning for the desired 1:1 selectivity. Although any 
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plasma feed gas producing reactive halogen radicals can be used, CF4, C12, and HC1, 
HBr are typical examples. Various process parameters can be adjusted to control etch 
rates, selectivity, uniformity and reduce corrosion include variation of process 
variables such as substrate temperature and inclusion of one or more additives (e.g., 
Ar, H2, CI, 02, CH3X (X = F, CI, Br, I), CH2F2, and CH4). 

[63] Another approach involves a sputter dominant etch with Ar or other inert gas 
such as He, Xe, Ne, Kr, as the primary etchant of the copper overburden portion 112 
with other additives to provide etch rate control of the additional layer 202 and 
passivation of the top surface of the remaining copper 112. The other additives can 
include, for example H2 and/or CF4. Either of these processes is can operate over a 
wide temperature range of between about 75 degrees C and about 400 degrees C. 

[64] The first etching process is an etch process designed to leave the remaining 
overburden portion 112' substantially locally planar in that the local variations 114, 
1 16, 1 18 are substantially eliminated. One or more subsequent etching processes will 
remove the bulk or the majority of the overburden portion 112'. A finish etching 
process can be applied to continue the etching process to an endpoint at which the 
overburden portion 112' is removed from the barrier 110. The finish etching process 
can also be included in the bulk etch process. Subsequent processes after the finish 
etch can include selective barrier removal and passivating the remaining conductive 
material 120 to prevent corrosion and provide stability for further processing. An 
additional operation after the finish etch can be designed not to significantly remove 
any material but only passivate the remaining conductive material 120 to prevent 
corrosion and provide stability for further processing. 

[65] Figure 4 A shows the substrate 100 having undergone a second etching process 
in accordance with one embodiment of the present invention. The second etching 
process continues to an endpoint such that the barrier layer 1 10 will be exposed at all 
locations substantially simultaneously and leaving only the portion 120 of the 
conductive material (e.g., copper, copper-containing alloys and combinations, and 
other conductive material) that fills the features 102, 104, 106. 



o 
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[66] The first etching process and the second etching process can be substantially 
similar or significantly different. By way of example, the first etching process can be 
an etching process for improving the local planarity of the overburden portion 112 due 
to local non-uniformities 114, 116, 118 (e.g., caused by feature 102, 104, 106 
locations, sizes and concentrations in underlying layers). The entire additional layer 
202 and a portion of the overburden portion 112 can be removed in the first etching 
process. By comparison, the second etching process can be a much more selective 
etching process that removes the bulk of the remaining, planar overburden 1 12' to the 
endpoint (i.e., when the barrier layer 1 10 is exposed). 

[67] Figure 4B shows the substrate having undergone a barrier removal process in 
accordance with one embodiment of the present invention. A portion of the barrier 
layer 1 10 is removed to expose an underlying mask layer 402. Only the portion of the 
barrier layer 110 that is formed within the features 102, 104, 106 remain. A typical 
second etching process removes the bulk portion of the overburden 1 12 at high rate 
and preferably with a high selectivity to the barrier layer 1 10. By way of example, if 
the overburden portion 112 is copper, a halogen - based chemistry (e.g., C12, CF4, 
HC1, HBr, BC13) can be effectively used for the second etching process. In another 
approach a physically dominant etch process such as an Ar (or other noble or inert gas) 
based sputter process can be used. Various process parameters can be adjusted to 
control etch rates and selectivity. The various process parameters can include 
adjusting process variables such as substrate temperature balance of reactive species, 
and inclusion of one or more additives (e.g., H2, 02, Ar, He, Xe, Ne, Kr, etc.). 

[68] Figure 5 is a flowchart 500 of the method operations of performing a local 
planarization, in accordance with one embodiment of the present invention. In 
operation 505, the additional layer 202 is added on top of the conductive overburden 
portion 1 12. In operation 510, the first etch process is applied to remove the majority 
of the additional layer 202 and the conductive overburden portion 1 12. In operation 
515, the second etch process is applied to remove the remaining overburden portion 
112' to the endpoint. 
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[69] In an alternative embodiment, operation 515 can also include a finish etch 
process as described above. Subsequent processes after the finish etch can include 
selective barrier removal and passivating the remaining conductive material 120 to 
prevent corrosion and provide stability for further processing. An additional operation 
after the finish etch process can be designed not to significantly remove any material 
but only passivate the remaining conductive material 120 to prevent corrosion and 
provide stability for further processing. 

[70] Figures 6A-6D show a sequence of chemical conversion and etch-back 
processes applied to a substrate 600 to increase local uniformity, in accordance with 
one embodiment of the present invention. Figure 7 is a flowchart 700 of the method 
operations of the chemical conversion and etch-back processes applied to a substrate 
600 to increase local uniformity, in accordance with one embodiment of the present 
invention. As shown in Figure 6A, the substrate 600 has a substantially non-planar 
overburden portion 602 with non-planar surface profile 606, similar to the substrate 
100 described in Figure 1 above. 

[71] Referring now to Figures 6B and 7, in operation 705, an additional layer 604 is 
formed on top of the overburden portion 602. The additional layer 604 may be 
deposited or formed on the overburden portion 602. By way of example, the additional 
layer 604 can be formed through a chemical conversion of a top-most portion of the 
overburden portion 602. If the overburden portion 602 is copper or copper alloy, then 
a controlled exposure to a gas can form a copper reaction product layer 604. One 
example is a halogen gas that can form a Cu-halide layer 604. The copper reactant 
layer 604 diffuses into the surface of the copper overburden 602 to convert a top 
portion of the copper overburden 602. Processes for chemical conversion of copper 
are known in the art, such as Nagraj S. Kulkarni and Robert T. DeHoff, "Application 
of Volatility Diagrams for Low Temperature, Dry Etching, and Planarization of 
Copper", Journal of Electrochemical Society, 149 (11) G620-G632, 2002. 

[72] In another example, the additional layer 604 can be deposited on the 
overburden portion 602. The deposited layer 604 can include a polymer layer or an 
oxide layer being deposited on the overburden portion 602. 
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[73] Referring now to operation 710 and Figure 6C, an etch-back process is applied 
to remove the additional layer 604. A portion of the overburden portion 602 may also 
be removed. Removing the additional layer 604 results in further softening (i.e., 
planarizing) of the profile of the overburden portion 602 to profile 606'. The Cu- 
halide substantially softens the contours of the overburden portion 602. A Cu-halide 
can also maintain a substantially 1:1 etch-back selectivity with the copper overburden 
portion 602. Operations 705 and 710 can be repeated multiple times to substantially 
planarize the overburden portion 602 to subsequent profiles 606' and 606", as shown 
in Figure 6D, until the resulting profile is substantially planar. 

[74] Chemical conversion of copper overburden portion 602 utilizing shape 
dependence of compound formation can be typically achieved by oxidizing the copper 
at the Cu-reactive species interface. Copper oxidization in this instance can include a 
chemical conversion of elemental copper to a copper compound with copper in a 
positive oxidation state. By way of example, oxidation of the copper to cuprous- or 
cupric chloride (CuCl or CuC12) at the surface can occur in a chlorine plasma at lower 
temperatures (e.g., < 200 degrees C). 

[75] The etch-back process involves reduction of this copper compound to another 
chemical compound capable of being volatile and thus leaving the surface of the 
remaining overburden 602' at the fixed substrate temperature. By way of example, 
there can be a reduction of the CuC12 to volatile Cu3C13 in the presence of reactive 
hydrogen species (e.g., H2 plasma). Alternating the shape-dependent conversion 
followed by etch-back of the converted portion can lead to bulk removal of the copper 
overburden portion 602, while simultaneously planarizing the topography (e.g., 
profile) of the copper overburden 602. 

[76] In operation 715, if the overburden portion 602 is substantially planarized, then 
the method operations end. Alternatively, if in operation 715, the overburden portion 
602 is not substantially planarized, then the method operations continue at operation 
705 above. In one embodiment, operations 705-715 can occur in situ within a single 
etch chamber. In an alternative embodiment, operation 710 can occur ex situ and can 
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include ECD or low-down force CMP processes to achieve the substantially planar 
overburden portion 602' as shown in Figure 6D. 

[77] The method operations described in Figures 6A-7 can be used as a planar bulk 
removal process that performs both planarization of the non-planar overburden portion 
602 and removal of the bulk of the overburden portion 602. 

[78] The local thickness of the substrates 100, 600 can be determined through any 
one or more of several known layer thickness mapping technologies that are known in 
the art. By way of example, an eddy current sensor can map the thickness of the 
overburden portion 1 12, 1 12' as described in commonly owned U.S. Patent 
Application 10/328,912 entitled System, Method And Apparatus For Thin-Film 
Substrate Signal Separation Using Eddy Current by Gotkis et ah, filed on December 
23, 2002 and U.S. Patent Application 10/251,033 entitled System And Method For 
Metal Residue Detection And Mapping Within A Multi-Step Sequence by Gotkis et 
al., filed on September 19, 2002, which are incorporated by reference herein, in their 
entirety. 

[79] The methods and systems described in Figures 1-7 above describe various 
approaches to substantially eliminating local, pattern dependant non-uniformities in an 
overburden portion. However, methods and systems described in Figures 1-7 above do 
not directly address correction of global non-uniformities. Global non-uniformities 
can include variations in removal rates of material in the center of the substrate as 
compared to the edge of the substrate and other non-uniformities that are not localized 
phenomena. 

[80] Figure 8 is a flowchart of the method operation 800 of correcting global non- 
uniformities in accordance with one embodiment of the present invention. In 
operation 805, a substrate having localized non-uniformities such as feature-pattern 
dependant non-uniformities in the overburden portion is received. In operation 810, 
the localized non-uniformities are substantially eliminated such as through CMP, ECP 
or the methods and systems described in Figures 1-7 above or any other method known 
in the art. Substantially removing the localized non-uniformities forms a substantially, 
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locally planarized overburden portion such as the planarized overburden portion 1 12' 
shown in Figure 3 above. 

[81] Figure 9 shows a substantially removed, planarized overburden portion 902 in 
accordance with one embodiment of the present invention. The substantially removed, 
planarized overburden portion 902 can be a relatively thin overburden portion such as 
a few hundred angstroms in thickness. 

[82] In operation 815, the substrate with the planarized overburden portion is 
mapped to identify and quantify any global non-uniformities in the planarized 
overburden portion. The planarized overburden portion can be mapped with any one 
or more of several known layer thickness mapping technologies that are known in the 
art as described above. The mapping can be in situ (within the current process 
chamber) or ex situ (external to the current process chamber). An in situ mapping 
process can also be dynamic and allow for the subsequent processes to be dynamically 
adjusted as the subsequent processes progress. 

[83] In operation 820, the location and quantity of the global non-uniformities, as 
determined in operation 815 above, are removed in a substantially mechanical stress- 
free process by adjusting and controlling an etching process to address the specific 
requirements of the detected global non-uniformities in a finish etch process. By way 
of example, if the remaining overburden portion 902 were approximately 500 
angstroms thick in the center and 300 angstroms thick on the edge, then the recipe can 
be adjusted such that the center to edge non-uniformity can be compensated for so that 
the entire barrier layer 110 will be exposed simultaneously. The stress-free process 
avoids the CMP problems described above because no mechanical force is applied to 
the substrate during the etch-back process. 

[84] The recipe (e.g., selected values of process variables) that is selected is 
selective to barrier layer 110 (i.e., will etch the barrier at a much slower rate than the 
recipe will etch the copper, e.g., a typical selectivity range of copper etch over barrier 
etch in these processes is greater than about 1 but less than about 3) and that will 
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minimize any recesses (e.g., excess removal of the conductive material 120 in the 
features 102, 104, 106). 

[85] The finish etch can have relatively slow etch rates for both copper of the 
remaining overburden portion 902 and the barrier layer 110 to minimize any recess 
into the featuresl02, 104, 106 with respect to the remaining height barrier of the 
barrier layer 1 10. As a result, the finish etch cannot have a very high selectivity to etch 
the copper. 

[86] A final etch-back process can also be included. The final etch-back process 
includes etch-back of the mask material and/or the TLD material with appropriate 
selectivity and uniformity control such that the final outcome provides substantially 
globally uniform and substantially planar features with minimal copper and ILD loss 
(e.g., any copper recess is globally uniform across the substrate 100 at the end of the 
final etch and barrier removal processes). In this instance, the final etch would include 
a uniform process to etch-back the mask material with high selectivity to minimize 
copper loss and minimize the copper recess. By way of example, a halogen-based 
process where the halogen concentration is low and the substrate temperature is low 
(e.g., less than about 200 degrees C) will maintain a low copper etch rate while still 
sufficiently chemically etching the mask material. Any plasma feed gas including 
halogen reactive species (e.g., CF4, C2F6, C4F6) can be used. Etch rate control 
additives can include Ar, 02, CH2F2 and others can also be included. 

[87] If the global copper recess and/or mask/HJD loss are non-uniform across the 
substrate at the end of the finish etch and final etch-back process, then additional 
variations in the recipe must be taken to correct for the global non-uniformities. By 
way of example, typical instances are a result of etch non-uniformity are described as 
center fast or edge fast etch rates. In either of these instances, can result in a variation 
in copper recess and/or mask/ILD loss across the substrate. Compensation can be 
achieved to counter this variation to obtain globally planar features with minimal 
copper and mask loss utilizing appropriate uniformity and selectivity controls during 
the final etch-back of the mask/ILD material. In the instance of a center-fast finish 
etch process resulting in larger copper recess in the center of the substrate can be 
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compensated for by an edge-fast final etch back process which selectively etches the 
mask material to bring to the same level as the copper level in the features 102, 104, 
106. Typical selectivity obtained in this process is greater than about 2. Variations of 
the recipe to provide for uniformity control include pressure, temperature variation 
across substrate, ion flux uniformity controls, gas concentrations and chamber wall 
temperature. Variations to control selectivity include reactive halogen species 
concentration, substrate temperature, and bias power. 

[88] Alternatively, non-uniformity in the remaining overburden could be corrected 
and controlled by a selective wet-etch process. 

[89] A dynamic liquid meniscus can be supported and moved (e.g., onto, off of and 
across a wafer) with a proximity head. Various proximity heads and methods of using 
the proximity heads are described in co-owned, co-pending U.S. Patent Application 
10/330,843 filed on December 24, 2002 and entitled "Meniscus, Vacuum, IPA Vapor, 
Drying Manifold," which is a continuation-in-part of co-pending U.S. Patent 
Application No. 10/261,839 filed on September 30, 2002 and entitled "Method and 
Apparatus for Drying Semiconductor Wafer Surfaces Using a Plurality of Inlets and 
Outlets Held in Close Proximity to the Wafer Surfaces," both of which are 
incorporated herein by reference in its entirety. Additional embodiments and uses of 
the proximity head are also disclosed in U.S. Patent Application No. 10/330,897, filed 
on December 24, 2002, entitled "System for Substrate Processing with Meniscus, 
Vacuum, IPA vapor, Drying Manifold" and U.S. Patent Application No. 10/404,692, 
filed on March 31, 2003, entitled "Methods and Systems for Processing a Substrate 
Using a Dynamic Liquid Meniscus." Still additional embodiments of the proximity 
head are described in U.S. Patent Application No. 10/404,692, filed on March 31, 
2003, entitled "Methods and Systems for Processing a Substrate Using a Dynamic 
Liquid Meniscus," U.S. Patent Application No. 10/603,427, filed on June 24, 2003, 
and entitled "Methods and Systems for Processing a Bevel Edge of a Substrate Using a 
Dynamic Liquid Meniscus," and U.S. Patent Application No. 10/606,022, filed on 
June 24, 2003, and entitled "System and Method for Integrating In-Situ Metrology 
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within a Wafer Process." The aforementioned applications being incorporated by 
reference in their entirety. 

[90] Figure 10A illustrates a proximity head 1020 performing an exemplary wafer 
processing operation in accordance with one embodiment of the present invention. 
The proximity head 1020, in one embodiment, moves while in close proximity to the 
top surface 1030a of the wafer 1030 to conduct a cleaning, drying, etching or other 
processing operation. It should be appreciated that the proximity head 1030 may also 
be utilized to process (e.g., clean, dry, etch, etc.) the bottom surface 1030b of the wafer 
1030. In one embodiment, the wafer 1030 is rotating so the proximity head 1020 may 
be moved in a linear fashion along the head motion while fluid is removed from the 
top surface 1030a. By applying the IPA 1010 through the source inlet 1002, the 
vacuum 1012 through source outlet 1004, and the deionized water 1014 through the 
source inlet 1006, the meniscus 1016 can be generated. 

[91] Figure 10B shows a top view of a portion of a proximity head 1020 in 
accordance with one embodiment of the present invention. In the top view of one 
embodiment, from left to right are a set of the source inlet 1002, a set of the source 
outlet 1004, a set of the source inlet 1006, a set of the source outlet 1004, and a set of 
the source inlet 1002. Therefore, as N2/IPA and DIW are inputted into the region 
between the proximity head 1020 and the wafer 1030, the vacuum removes the N2/IPA 
and the DIW along with any fluid film that may reside on the wafer 1030. The source 
inlets 1002, the source inlets 1006, and the source outlets 1004 described herein may 
also be any suitable type of geometry such as for example, circular opening, square 
opening, etc. In one embodiment, the source inlets 1002 and 1006 and the source 
outlets 1004 have circular openings. 

[92] Figure 1 1 A illustrates an exemplary proximity head 1 100, in accordance with 
one embodiment of the present invention. Figure 11B illustrates a sectional view of 
the proximity head 1 100 and the meniscus 1 150 formed by the proximity head 1 100, in 
accordance with one embodiment of the present invention. The proximity head 1100 
includes a ring of multiple process chemistry inlets 1 104, two rings of multiple IPA 
inlets 1102 and 1108 and a ring of multiple vacuum outlets 1106. The various inlets 
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1 102, 1 104, 1 106 and outlets 1 108 are arranged around a sensor 1 120. The sensor 
1 120 is a metrology sensor that can evaluate the progress of the fabrication process 
being applied by the processing head 1 100. The sensor can be an optical end-point 
detection sensor so as to enable the above-described endpoint detection systems and 
methods to be used. 

[93] The meniscus 1 150 can include a "dry" central region 1 152 where the liquid 
meniscus is removed so that the sensor 1120 has no intervening processing chemistry 
from the meniscus 1 150 between the sensor and the surface of the wafer 1030. 
Rotating the wafer 1030 and scanning the proximity head 1100, and therefore the 
sensor 1 120, across the wafer 1030 can provide an in-situ scan of the entire surface of 
the wafer, as the proximity head processes the wafer. The sensor 1 120 can also 
provide real time feedback of the etch process. Providing the real time feedback to a 
control system that controls the etch process will provide a closed control loop of the 
etch process. The closed loop control of the etch process can allow the control system 
to interactively adjust the etch process in real time. Any of the multiple etch process 
variables can be adjusted including head position, concentrations, resident time, flow 
rates, pressures, chemistry and other process variables. In this manner more precise 
process control is provided. A more precise process control allows ever more 
concentrated etch chemistries to be used, which in turn reduces the process time of the 
wafer to a minimum. 

[94] The in-situ, real time control of the process can also enable a variable process 
to be applied to the surface of the wafer such as to correct for a non-uniformity during 
the processing of the wafer. By way of example, if in an etch process, the sensor can 
detect a thinner film in a first region of the wafer 1030 and a thicker film in a second 
region. The etch process recipe can be dynamically adjusted (e.g., etch chemistry 
concentration, residence time, etc.) for the detected film thickness as the proximity 
head 1100 scans across the wafer 1030. As a result, the non-uniform film thickness 
can be dynamically corrected in-situ as the etch process is applied to the wafer 1030 
thereby substantially eliminating the need for reprocessing the wafer to correct for non- 
uniformities. 
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[95] In an alternative embodiment, the dry region 1 152 is not required. By way of 
example, if the sensor 1 120 can measure film thickness through a layer of liquid (e.g., 
the meniscus 1150) such as the process chemistry being applied to the surface of the 
wafer 1030. 

[96] Figure 12 shows a wafer processing system 1200 in accordance with one 
embodiment of the present invention. The wafer processing system 1200 supports a 
wafer 1030 between multiple edge rollers 1212A - 1212C. A movable arm 1214A 
supports and moves a proximity head 1020 over the surface of the wafer 1030. An in- 
situ sensor 1202 can be mounted on the arm 1214A, external of the proximity head 
1020 or can be mounted on a separate movable arm 1204 that can move independent of 
the movable arm 1214A that supports the proximity head 1020. As a result, the sensor 
1202 can scan and measure corresponding locations near the process being applied to 
the wafer 1030 by the proximity head 1020. Alternatively, the sensor 1202 can 
measure corresponding locations near the process being applied to the wafer 1 130 by 
the proximity head 1 120 and can independently scan locations on the surface of the 
wafer substantially simultaneously as the proximity head applies a process to the 
wafer. 

[97] Figure 13 is a flowchart of an alternative method operations 1300 for providing 
a substantial planar overburden portion 1 12% in accordance with one embodiment of 
the present invention. In an operation 1305, a non-planar and/or non-uniform wafer, 
such as shown in Figure 1 above, is received for processing. In an optional operation 
1310, a substantially planar, additional layer 202 can be added as described in Figure 2 
above. In operation 1315, a CMP planarization operation is performed to remove a 
bulk of the over burden layer. The remaining overburden portion can include multiple 
local and even global non-uniform regions. As described above, both local and global 
non-uniformities can be caused by innumerable causes. The CMP planarization 
operation can be a low down-force CMP operation so as to impart the least possible 
shearing forces on the underlying layers formed on the substrate. 

[98] In an operation 1325, the multiple non-uniform regions on the wafer are 
mapped. These non-uniform regions can be mapped by any number of types of 
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metrology sensors and methods of using the various metrology sensors. By way of 
example the non-uniformities can be mapped by an eddy current sensor such as 
described in co-owned and co-pending U.S. patent applications: APN 10/328,912, 
entitled "System, Method and Apparatus for Thin-Film Substrate Signal Separation 
Using Eddy Current", filed on December 23, 2002, and APN 10/256,055, entitled 
"Enhancement of Eddy Current Based Measurement Capabilities," filed on September 
25, 2002, which are incorporated by reference herein in its entirety for all purposes. 
The non-uniformities can be mapped either in-situ or ex-situ. The non-uniformities 
can also be mapped and displayed such as described in co-owned and co-pending U.S. 
patent application 10/331,194, entitled "User Interface for Quantifying Wafer Non- 
Uniformities and Graphically Explore Significance," which was filed on December 24, 
2002 and is incorporated by reference herein for all purposes. 

[99] In an operation 1330, a recipe for correcting the mapped non-uniformities can 
be automatically developed. Developing the recipe can include quantifying each of the 
mapped non-uniformities. By way of example a thickness and a location of each of the 
non-uniformities can be accurately calculated. Once the non-uniformities are 
quantified, then appropriate process chemistry (e.g., a mixture of sulfuric acid and 
hydrogen peroxide) concentration, time and other process variables for processing by a 
dynamic liquid meniscus can be determined. 

[100] In an operation 1335, a dynamic liquid meniscus processes the wafer, such as 
described in Figures 10A-12 above. The dynamic liquid meniscus can etch each of the 
mapped non -uniformities to form the substantially uniform overburden portion 1 12', 
as shown in Figure 3 above. The wafer can be further etched to remove the remaining, 
substantially uniform overburden portion 112' as described in Figure 8 above. 

[101] A feedback monitoring signal can also be used to dynamically monitor and 
control the dynamic liquid meniscus, if a sensor such as sensor 1 120 or 1202 is 
included in the dynamic liquid meniscus support apparatus. Figure 14 shows a block 
diagram of a wafer processing system 1400 in accordance with one embodiment of the 
present invention. The system includes a controller 1402 that includes a recipe 1404. 
The recipe 1404 controls the various parameters and aspects of the processes applied to 
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the wafer 1408 by a pair of dynamic liquid meniscuses 1410A, 1410B. By way of 
example, the recipe determines flowrates of DIW, IPA and IPA vapor and pressures of 
the vacuum and the precise location of the dynamic liquid meniscuses 1410A, 1410B 
and the direction and rate of rotation of the wafer 1408, if the wafer is rotated. Sensors 
1420A, 1420B monitor and evaluate the processes applied to the wafer 1408 by the 
dynamic liquid meniscuses 1410A, 1410B. In one embodiment, the sensors 1420A, 
1420B can provide feedback to the controller 1402. The controller 1402 can then 
dynamically modify the recipe in response to the feedback from one or more of the 
sensors. The sensors 1420A, 1420B can be included within the proximity heads that 
support the dynamic liquid meniscuses 1410A, 1410B such as described in Figures 
11A and 11B above. Alternatively, the sensors 1420A, 1420B can be external to the 
proximity heads that support the dynamic liquid meniscuses 1410A, 1410B as 
described in Figure 12 above. The sensors 1420A, 1420B can also be used to map the 
non-uniformities as described in operation 1325 above. 

[102] In one embodiment, a system and method to improve planarization and non- 
uniformity an optimization scheme can be employed that correlates a spatial thickness 
variation in an incoming substrate with the previously determined removal rate profile 
of a subsequent manufacturing process (e.g., a dynamic liquid meniscus etch process). 
A control signal can be sent to the dynamic liquid meniscus etch process that can then 
perform a specific etch process to correct the thickness variation. Figure 15 is a 
flowchart of the method operations 1500 of a feed-forward optimization process, in 
accordance with one embodiment of the present invention. In an operation 1505, a 
substrate is received. In an operation 1510, nonuniformity profile of the substrate is 
determined. The nonuniformity profile of the substrate can be determined by mapping 
a thickness of the substrate to identify any thickness variations. Any suitable mapping 
process, whether in-situ or ex-situ can be used to determine the nonuniformity profile 
of the substrate. The thickness variations can be caused by non-uniformities in a 
previous process (e.g., a CMP process) that left an uneven layer on the surface of the 
substrate. The non-uniformity profile includes both a location (i.e., a Cartesian x and y 
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coordinate or a radius and angle or other type of location identifier) and the thickness 
of the non-uniformity. 

[103] A non-uniformity profile model of the previous process can also be determined. 
The non-uniformity profile model of the previous process can be a statistical analysis 
(e.g., an average) of the non-uniformity profiles of multiple substrates output from the 
previous process. The non-uniformity profile model can be used to predict the 
performance of the previous process. 

[104] In an operation 1515, a removal rate profile model of the subsequent process 
can be determined. A removal rate profile model can be determined through a 
statistical analysis of multiple processes of substrates through the subsequent process. 
A measurement that both precedes and follows the subsequent process can provide, for 
example, an average removal rate for each of several locations on the surface of the 
substrate. By way of example, a dynamic liquid meniscus etch process can be applied 
to multiple substrates. Each of the multiple substrates can be mapped before and after 
the dynamic liquid meniscus etch process and a removal rate profile model can thereby 
be determined. The removal rate profile model can include an average removal rate for 
each of several locations of the surface of the substrate. 

[105] The removal rate profile model can also include a range of one or more 
parameters and the corresponding effects on the removal rate profile model. By way of 
example, a specific etchant chemistry concentration can result in a less or greater etch 
rate. The concentration and process time can thereby be correlated. 

[106] In an operation 1520, the non-uniformity profile of the received substrate is 
compared to the removal rate profile model of the subsequent process. Various 
parameters (e.g., time, process chemistry, pressure, etc.) of the subsequent process are 
then selected to produce an optimized recipe to correct the non-uniformity profile of 
the received substrate. Alternatively, the non-uniformity profile model of the 
preceding process can be compared to the removal rate profile of the subsequent 
process to produce the optimized recipe. In an operation 1525, the substrate and the 
optimized recipe for the subsequent process are input to the subsequent process. 
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[107] In an operation 1530, the subsequent process removes the non-uniformity from 
the substrate such that the surface of the substrate. By way of example, in a dynamic 
liquid meniscus etch process and a substrate that has a non-uniform copper layer, the 
non-uniformity can be removed by the dynamic liquid meniscus etch process to leave a 
uniform copper layer. In an operation 1535, the remaining copper layer can be 
removed leaving a substantially planar and uniform surface on the substrate. 

[108] It will be further appreciated that the instructions represented by the operations 
in any of the above figures are not required to be performed in the order illustrated, and 
that all the processing represented by the operations may not be necessary to practice 
the invention. Further, the processes described in any of the above figures can also be 
implemented in software stored in any one of or combinations of the RAM, the ROM, 
or a hard disk drive of a computer or microprocessor control system (e.g., a process 
control system). 

[109] Although the foregoing invention has been described in some detail for 
purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. Accordingly, 
the present embodiments are to be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but may be modified within 
the scope and equivalents of the appended claims. 
What is claimed is: 



